Production of doubled haploids through androgenesis is well established in japonica rice and successfully used to develop high yielding varieties. However, indica rice is remaining recalcitrant to this in vitro technique. To understand the interactions of genotypes, culture media and culture temperature, two indica varieties (Pokkali and Nona Bokra) were cultured on three culture media under normal (25 ºC) and alternate temperatures (30 ºC/20 ºC, 14 hours/10 hours). The responses of the recalcitrant varieties were examined at callus induction and regeneration stages. Pokkali was found responsive to culture media as well as culture temperatures. Although there was an increase in albino shoot production but green shoot productivity was recorded nine fold under alternate temperatures. Interactions of recalcitrant indica genotypes, culture media and culture temperatures were found significant at callus induction and regeneration stages. It is therefore reflected that to activate the recalcitrant genes for callus induction and regeneration of green shoots, interaction of genotypes, culture media and culture temperatures could play significant role. Pokkali responded well to SKI and SK II rather than others, indicated that alteration of culture media composition would be an important aspect in future investigation.
1.0 INTRODUCTION
Among rice, wheat, and maize, rice provides about 50 % calories consumed by the human population. There is an increase of 75 million people a year in the world population and 90% of this increase observed in the developing countries of Asia, Africa, and Latin America. Providing for population growth, it requires an expansion in world grain production of 26 million tons per year (26) . Plant breeding plays the key role in the process of food production. Among the modern biotechnology, haploidy breeding method is the most desirable supplement to plant breeding through androgenesis and gynogenesis. Since the first report on haploid plant production in rice through anther culture (23) , many early studies have been carried out on various aspects of rice anther culture including pollen ontogeny during culture (13, 17) . More recently, anther culture technique applied to rice has been greatly improved and its scope expanded to facilitate other biotechnical approaches such as gene transformation technology. Very often gene incorporation results in heterozygosity of the transformed loci. Anther culture has considerable value in shortening the time required to convert the transgenic plants to homozygous breeding lines (1, 25) or as a technique to be adapted for direct one-step homozygous transgenic plant development (5) . The potential of anther culture in producing marker-free transgenic rice, a vexed issue with the consumer, has also been recognized (37) . However, most developments have occurred in temperate japonica cultivars while success with tropical indica types has remained poor (21, 27) . As a result, anther culture is now used as a supplementary breeding tool in japonica rice (3, 21) , but the potential of the technique for indica rice breeding is yet to be fully exploited (15) in spite of an initial report of the release of a salt tolerant indica variety through anther culture breeding (32) . The poor response of indica types to anther culture has been clearly established in many studies. It is reported that anther culture response varied from 42% for a japonica cultivar to 0% for an indica cultivar (22 (15) . Recent studies on anther culture of indica rice varieties from countries as climatologically diverse as China, Bangladesh, Sri Lanka and Iran, using improved culture media, continue to highlight the genotype specificity of anther culture response within the indica subspecies (15, 18, 29, 35) . The recalcitrance displayed by the indica types relates to poor callusing ability, limited morphogenetic potential or regeneration ability of the induced callus, and a higher percent of regenerated plants being albinos (2, 31, 35) . The poor androgenic response of the indica rice thus limits the utilization of this technique as a breeding tool in areas predominantly planted with this ecotype such as the tropical and subtropical regions of Asia. However, several reports described the various factors and conditions that influence the haploid plant production, and critically examine different aspects that could improve this valuable technique (10, 12, 33) .
Present studies were carried out to investigate the interactions of recalcitrant rice genotypes, culture media and culture temperatures to improve the androgenesis in indica rice. 
2.0 MATERIALS AND METHODS
Two indica land races, Pokkali and Nona Bokra, were used grown in pots in natural conditions. A short day treatment was given for three weeks for panicle initiation. Pollen grain developmental stage was examined to select appropriate panicles because mid uninucleate to late uninucleate pollen grain stage was reported the best for anther culture (19) . Pre cold treatment was reported to be an effective practice (30) , thus the selected panicles were given a pre cold treatment (10 ºC for one week). Pollen grain developmental satge was examined after pre cold treatment to select appropriate spicklets. Surface sterilization of selected spicklets was carried out by dipping in 70% ethyl alcohol for 10 seconds and then soaked in 2% solution of NaOCl, including 2-3 drops of poly ethylene sorbitol, for 10 minutes. The spicklets were rinsed thoroughly with sterilized distilled water inside laminar flow. After cutting the 1/3 upper of spicklet, the anthers were excised by a fine forceps and placed on culture media. Three culture media were selected based on the concentration of macro and micro elements as well as carbon (Table 1) . SK I and SK II media were used for callus induction and regeneration of shoots, respectively (28) . However, N6 (8) and DKN (9) having the same composition at both androgenesis stages. The concentrations of amino acids and vitamins used in each media are given in Table 2 . The combination of axin and cytokinins in each media are described in Table 3 . Culture temperature is an important factor having considerable effects on the plant growth in vitro. Rice anther culture is usually carried out at constant temperature, day and night (25~28 ºC), and was used as control alternate temperatures (20 ºC/ 30 ºC, 10 hours/14 hours as night and day temperatures, respectively) at callus induction and regeneration stages. Randomized complete design was used with three replications. Four hundred anthers were cultured (20 petri dishes) in each treatment per replication. Petri dishes were placed to different culture temperatures in darkness. After four weeks, the response of recalcitrant indica rice cultivars was assessed by following parameters at callus induction stage: Stat view was used for statistical analysis of data and presented in Table 4 (Javed et al. 2007 ), Table 5 and Table 6 .
3.0 RESULTS AND DISCUSSION
The response of recalcitrant indica rice cultivars was found significantly different to experimental treatments. Pokkali performed well at callus induction as well as regeneration stage (Table 4) . At callus induction stage varieties, callus induction media and culture temperatures exhibited significant differences for responding anthers (RA), calli per responding anther (C/RA) and callus productivity (CP). However, all the interactions were significant at P < 0.01for RA and CP but C/RA exhibited significance for V x CIM only (Table 4) . Although all factor showed significant differences all parameters at callus induction stage but interactions of these factors was found highly significant for RA and ultimately same for CP. The coefficient of variation (CV) for CP was lower than C/RA (Table 4) and represents the low degree of variation. It reflected that interactions of genotypes, culture media and culture temperature would be important for higher rate of callus induction. With respect to media compositions, SKI and N6 have higher doses of nitrogen, phosphorus and potash compare to DKN (Table 1) and showed a higher CP under normal and alternate culture temperatures (Table 4) . It reflected that indica rice may need higher doses of nitrogen, phosphorus and potash to initiate callus induction compare to japonica rice. Albinism is counted a major problem in anther and microspore culture in rice, especially in indica rice (7) . Although the primary cause of albinism has not yet been characterized, many factors have been found to affect the degree of albinism, such as genotype, physiological state of donor plant (4, 20) , developmental stage of microspore (6) , culture temperature (16) , and pre cold treatment (11) . In this study, there an increase in RFAS was observed but there was an increase of more than five folds in RFGS and GSP was improved nine folds in Pokkali under alternate temperatures (Table 4 ). All three factors were exhibited high significance for RFAS, RFGS and GSP. The interactions of these factors were also highly significant for RFAS, RFGS and GSP. However, coefficient of variance (CV) was recorded quite high for GSP (Table 6 ), may be due to poor regeneration rate of Nona Bokra. These results reflected that interaction of culture medium and genotype is important for regeneration of green shoots. Presently, anther culture is a routine breeding method in japonica rice. N6 and MS media has been used intensively for anther culture of japonica rice. Koshihikari is a japonica rice variety cultivated on large scale in West Japan. It was found recalcitrant to existing anther culture media. DKN media, new formulation, was found effective (9) to improve the anther culture efficiency of this cultivar. Present study also reflected high amount of that nitrogen and calcium and relatively low phosphorus and potash could have an important role in initiation of regeneration (Table 1 and Table 4 ). However, a detailed investigation is needed to be carried out with respects to alteration of media composition for efficient shoot regeneration in indica rice. SK media might be optimum for Pokkali rather than Nona Bokra. An in vitro response is the results of a complex interaction involving the physiological state of ex-plant, medium and external environment etc. Remarkable effects of alternate temperatures have been reported in japonica rice on callus induction and regeneration of green shoots (24) . Keeping in view of Pokkali, just a change of external environment (culture temperature) showed favorable effects on callus induction and regeneration in SK-I and SK-II media, respectively. These results reflected that alternate temperatures could be used to improve the anther culture efficiency of recalcitrant indica rice cultivars. The interaction of genotype, culture media and culture temperatures could also be an important factor in haploid plant production in indica rice.
4.0 CONCLUSIONS
To activate the recalcitrance of indica rice for androgenesis, the interactions of genotypes, culture media, and culture temperatures are important. The interaction of genotype and culture temperatures could play important role to improve the callus induction and regeneration of green shoots in anther culture of indica rice. However, high doses of nitrogen, phosphorus and potassium could be imperative at both stages of androgenesis in indica rice.
